Background: Non-tuberculous mycobacterial (NTM) infection is usually observed in patients with immunosuppressive conditions. It may also cause unregulated immune responses. While there have been increasing numbers of reported tuberculosis-related HPS (haemophagocytic syndrome), HPS caused by NTM infection is still very rarely reported. Case presentation: We report a previously healthy 21-year-old Chinese female with fever, night sweats and fatigue, in whom HPS was diagnosed according to the HLH-2004 criteria. Mycobacterium intracellulare was cultured from her peripheral blood. After treatment with corticosteroid, clarithromycin, rifampicin, ethambutol and amikacin, the patient finally recovered. We also reviewed relevant publications on NTM infection complicated with HPS and found 11 cases, including ours. Clinical presentations, diagnoses and prognoses were analysed and summarized to deepen our understanding of this rare condition. Conclusions: Most reported NTM-related cases were caused by disseminated infection. The lack of localized symptoms might add to the difficulty involved in making the right diagnosis. While it usually takes time to obtain tissue or blood culture results, granuloma in a bone marrow biopsy might be an early indicator of possible mycobacterial infection. Although treatment varied, the overall prognosis of NTM-related HPS was promising.
Background
Haemophagocytic syndrome (HPS) is a rare, life-threatening condition characterized by over-stimulation of the immune system [1] . While primary HPS is genetically predisposed and usually develops during childhood and adolescence, secondary HPS can be triggered by a variety of conditions and may occur at any age [2] . The most common causes of HPS include viral infection, autoimmune disease and haematological malignancy [3] . On the one hand, NTM infection is usually observed in patients with immunosuppressive conditions [4, 5] . On the other hand, it may cause intense immune responses. Although severe tuberculosis has been increasingly reported and recognized as a potential cause of HPS in recent years [4, 5] , non-tuberculous mycobacterial (NTM) infection associated with HPS is still very rare. Here, we report a 21-year-old female who was diagnosed with HPS caused by disseminated Mycobacterium intracellulare infection where treatment of both NTM infection and HPS eventually led to recovery. We also performed a literature review of NTM infection complicated by HPS to deepen our understanding of the condition.
Case presentation
A 21-year-old female was admitted to our hospital complaining of fever and fatigue for 2 months. She was an editor and had been in good health until 2 months ago when she developed a spiking fever of 39-40°C, dry cough, night sweats and fatigue. She went to a local hospital, and a complete blood count (CBC) revealed only mild anaemia (Table 1) . She was diagnosed with an "upper respiratory tract infection". Cefprozil was administered, but her symptoms gradually worsened, and a growing mass, which was painful, was found on the right side of her neck. She reported no arthralgia, rash, weight loss or relevant family history.
Her physical examination upon admission revealed scattered rales on the right lung, splenomegaly and enlarged lymph nodes that had coalesced and were palpated in her right cervical region. The initial laboratory investigation showed peripheral pancytopenia (white blood cells (WBC) 2.28*10 9 /L, HGB 87 g/L, PLT 71*10 9 / L, Table 1 ), elevated liver enzymes (ALT 192 U/L, AST 139 U/L, LDH 554 U/L) and hyperferritinaemia (Fer 4090 ng/ml). Natural killer (NK) cell activity was tested via a flow cytometry-based assay previously reported by Zhang et al. and was found to be reduced [6] . Haemophagocytosis was found in the bone marrow aspirate (Fig. 1) . Initial serological investigations for common pathogens and autoimmune diseases were negative (Table 1) . A chest CT scan revealed bilateral nodules and right pleural effusion (Fig. 2) , but Gram staining, acid-fast staining and mycobacterial culture of sputum were negative. An ultrasound-guided puncture was performed on her right cervical lymph nodes. Ziehl-Neelsen staining revealed acid-fast bacilli, and further nucleic acid probes identified M. intracellulare. Histology from the biopsied tissue showed inflammatory necrosis and calcification without evidence of malignancy. Then, M. intracellulare was cultured from her peripheral blood and lymph node tissue. We suspected that the patient might have autoantibodies against interferon-γ, which led to her immunosuppressive state and susceptibility to NTM infection. Unfortunately, serum testing for interferon-γ autoantibody was not available in our hospital.
A regimen containing clarithromycin (500 mg BID po), rifampicin (450 mg QD po), ethambutol (750 mg QD po) and amikacin (0.4 g QD iv) was started to treat the disseminated M. intracellulare infection. HPS was also diagnosed according to the HLH-2004 criteria, and prednisone 60 mg QD po (1 mg/kg/d) was given to control the inflammation.
Her temperature soon became normal. Prednisone was gradually tapered (60 mg QD*2 weeks→40 mg QD*2 weeks→20 mg QD*2 weeks→↓5 mg/2 weeks until stop), and amikacin was stopped after 1 month, while clarithromycin, rifampicin and ethambutol were continued. She was in remission, and her cervical lymph nodes were 
Literature review
We then searched PubMed for cases of NTM infection complicated with HPS (see Appendix for detailed search strategy) and found 10 case reports in addition to ours (Table 2 ). All patients except ours were found to have concomitant immunosuppressive conditions: 1 with AIDS, 2 with autoimmune diseases (1 systemic lupus (SLE) and 1 Sweet's syndrome, both taking immunosuppressive agents), 1 who had undergone an organ transplantation, 1 with sickle cell anaemia and 4 with haematological malignancies (1 acute lymphoblastic leukaemia (ALL), 1 chronic lymphocytic leukaemia (CLL), 1 myelodysplastic syndrome (MDS) + GATA2 gene mutation and 1 Hodgkin's lymphoma). One patient was found to have advanced femoral sarcoma 5 months after NTM infection, and HPS was diagnosed.
Most patients (9/11) definitely had disseminated NTM infections. In case 7, however, although the M. avium complex was cultured only from gastric lavage and blood culture was negative, non-caseating granulomatosis was found in a bone marrow biopsy, indicating that this might be a disseminated M. avium complex infection. Similar to our patient, all patients reported constitutional symptoms (fever, night sweats, weight loss, fatigue, etc.) as their main complaints. Other symptoms were rather vague and nonspecific except in case 10, where the patient was found to have rashes, and skin biopsy culture revealed M. abscessus.
For pathogenic NTM infection, M. avium complex (including M. intracellulare in our patient) was found in 5 patients, M. kansasii in 4 patients, M. lentiflavum in 1 patient, M. iranicum in 1 patient and M. abscessus in 1 patient.
Like our patient, most patients (9/11) were first suspected of having and diagnosed with HPS before NTM infection was revealed in blood or tissue specimens. The exceptions included case 3, whose faecal specimen had positive M. lentiflavum PCR results but was left untreated until HPS developed when the patient was re-evaluated, and case 6, who had been treated for M. avium complex infection but later deteriorated with the development of HPS. Interestingly, 5/11 patients were found to have granuloma in the bone marrow specimen before NTM infection finally developed from concomitant blood or tissue specimen culture.
Treatment varied considerably. Corticosteroid, etoposide, cyclosporin A (CsA) and intravenous immunoglobulin (IVIG) were administered in different combinations to treat HPS in most patients. Case 6 was also treated with anakinra in addition to corticosteroids. Antibiotics were added to treat NTM infection and adjusted according to speciation. There were, however, 2 exceptions. Case 5 had been diagnosed with acquired immune deficiency syndrome (AIDS) and started highly active antiretroviral therapy (HAART) 3 weeks before disseminated M. avium complex and histoplasmosis complicated with HPS were diagnosed. Immunosuppressive therapy was not added for HPS, but antimycobacterial and anti-fungal drugs were used as well as HAART. The patient eventually recovered. Case 8 was diagnosed as disseminated M. iranicum infection complicated by HPS. Lymph node biopsy revealed a stage IV Hodgkin's disease at the same time. Since his M. iranicum was multidrug-resistant, he was treated only with bleomycin, etoposide, adriamycin, cyclophosphamide, oncovorin, procarbazine and prednisone (BEACOPP) for his HPS and Hodgkin disease. The patient also recovered. The prognoses of patients with reported NTM infection complicated with HPS were relatively good: 2/11 died, while 9/11 survived. In case 4, the correct diagnosis of NTM infection as the cause of HPS instead of ALL relapse even prevented haematopoietic stem cell transplantation.
Discussion and conclusions
NTM infection is caused by generally free-living organisms that are ubiquitous in the environment [7] . With the development of new microbiological methods, NTM infection in human diseases has become increasingly recognized and reported [8] . M. avium complex and M. kansasii are believed to be the most common species [9] , which is in accordance with our literature review results. On the one hand, NTM infection, especially disseminated NTM infection, is usually observed in patients with immunosuppressive conditions [9] ; on the other hand, NTM infection can trigger HPS, a strong and uncontrolled immune response. Our literature review found 11 cases (including ours) in total indicating that the correlation is still rarely reported, and all cases were reported after 2010. However, secondary HPS is often associated with intracellular bacteria that induce classical Th1 immune responses, which, in animal models, are needed for the control of tuberculosis infection [10] . This might also be the reason why NTM infection can cause HPS.
Most of the reported patients, including ours, had disseminated NTM infection. All patients except ours had known underlying immune-compromised conditions. Our initial evaluation of the patient's immune state showed that the counts of B cells, T cells and NK cells were all decreased, while serum immunoglobulin levels were within normal ranges. After treatment, the patient's B cell, T cell and NK cell counts gradually rose. Thus, we doubt the decreases in the patient's lymphocytes and NK cells might be the result, rather than the cause, of her NTM infection. However, we cannot rule out the possibility that our patient might have undiscovered immunosuppressive conditions. Interestingly, case 2 was found to have advanced femoral sarcoma 5 months after being diagnosed with NTM infection and HPS. However, our patient was lost to follow-up 6 months later, and a more thorough investigation of possible underlying diseases, for example, malignancy, was not performed. As mentioned before, serum testing for interferon-γ autoantibody was not available in our hospital until recently. Thus, we were not able to verify our suspicions before the patient was discharged and then lost to follow-up. Therefore, it is recommended that patients who are diagnosed with NTM infection complicated by HPS are carefully investigated to determine possible concomitant immune-compromised conditions. M. intracellulare was grown from both the blood and cervical lymph node biopsy tissue cultures of our patient. Her chest CT scan also revealed bilateral nodules and right pleural effusion, indicating possible pulmonary involvement, even though no pathogens were successfully grown from the patient's sputum. No other focus of NTM involvement was found. M. intracellulare is reported to exist naturally in the environment, and the lung is the most common organ involved in M. intracellulare infection. Thus, we suspect that the port of entry of the mycobacteraemia might be from the respiratory tract, as is usually seen in patients with disseminated M. intracellulare infection. All patients reported constitutional symptoms as major complaints, which was in accordance with the fact that most cases were disseminated and lacked specific localized symptoms. In the majority of patients, HPS was suspected and diagnosed before NTM infection was detected and speciated. Interestingly, nearly half of the patients were found to have granuloma from bone marrow biopsy, which Is usually a routine examination when HPS is suspected. This biopsy finding could often be revealed earlier than the culture result, making it a promising positive predictor of disseminated mycobacterial (TB [11] or NTM) infection as the cause of HPS. In immunocompromised patients, HPS plus granuloma from bone marrow biopsy might justify a more thorough investigation and suspicion of possible mycobacterial infection.
Although treatment varied considerably, especially for HPS, the overall prognoses of NTM infection complicated with HPS seemed promising. Eight out of 11 patients recovered after treatment, and the correct diagnosis of NTM infection as the cause of HPS instead of ALL relapse even prevented haematopoietic stem cell transplantation in 1 patient, further indicating the importance of timely diagnosis of NTM infection complicated with HPS and starting treatment as soon as possible.
In conclusion, NTM infection is a rare cause of secondary HPS. Here, we report a 21-year-old female with disseminated M. intracellulare infection complicated by HPS who was successfully treated with antibiotics and corticosteroid. We reviewed relevant publications of NTM infection with HPS. Most reported NTM-related cases were caused by disseminated infection. Lack of localized symptoms might add to the difficulty involved in making the right diagnosis. While it usually takes time to obtain tissue or blood culture results, granuloma in a bone marrow biopsy might be an early indicator of possible mycobacterial infection. Although treatments varied, when patients were treated in a timely manner with antibiotics and anti-inflammation therapy, the overall prognosis of NTM-related HPS was promising. 
